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REMARKS 

Applicant herein requests an Interview with the Examiner, and 
further requests such Interview take place before issuance of the 
first Office Action. Applicant also requests that the first Office 
Action be non-Final . 

A Request for Continued Examination is being concurrently filed 
with this Submission. The present Submission fully complies with 
M.P.E.P. § 706.07 (h) (II) . 

Applicant respectfully requests the Examiner to reconsider the 
present application in view of the foregoing amendments to the 
claims . 

In the present reply, claims 2, 3, 6, 8, 10, and 11 have been 
amended. Thus, claims 2-13, 17-19, and 22-40 are pending and are 
ready for further action on the merits. No new matter has been added 
by way of the above amendments. These claims have merely been 
amended based on a suggestion by the Examiner to make the claims more 
clear. Further, the changes to claims 6 and 8 are merely editorial in 
nature. These amendments are non-narrowing in scope. By changing 
these terms in order to clarify the claimed invention, Applicant is 
in no way conceding any limitations with respect to the 
interpretation of the claims under the Doctrine of Equivalents. 
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Based upon the above considerations, entry of the present 
amendment is respectfully requested. 

Applicant notes that the replies of July 8, 2004 and August 9, 
2004, have not been entered. The present reply is in response to the 
Final Office Action of January 8, 2004. 

In view of the following remarks, Applicant respectfully 
requests that the Examiner withdraw all rejections and allow the 
currently pending claims. 

Issues Under 35 U.S.C. § 103(a) 

Claims 2-9, 11, 13, 17-19, 22-35, and 38-40 stand rejected under 
35 U.S.C. § 103(a) as allegedly being unpatentable over Hersh '791 
(U.S. Patent No. 5, 667, 791) (as stated at pages 2-5 of the Final 
Office Action of January 8, 2004). 

Also, claims 2, 6, 7, 9-12, 17-19, 28-31 and 34-40 stand 
rejected under 35 U.S.C. § 103(a) as allegedly being unpatentable 
over Hillebrand '500 (U.S. Patent No. 5,296,500) (see starting at the 
bottom of page 5 of the Final Office Action) . 

Applicant respectfully traverses, and reconsideration and 
withdrawal of these rejections are respectfully requested based on 
the following. 
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The Present Invention and the Unexpected Features Thereof 

The present invention, as recited in claim 2, relates to a 
preparation for topical application comprising the following 



components : 
(a) 

• (b) 
(c) 
(d) 



at least one salt selected from alkali metal salts, 
alkaline earth metal salts and other minerals, 
at least one individual amino acid, 
zinc oxide and/or an inorganic peroxide, and 
at least one secondary plant substance selected from the 
group consisting of carotinoids, phytosterols, saponins, 
polyphenols, flavonoids, terpenes, phytoestrogens, 
sulfides, phytin acid, dietary fibers and combinations 
thereof . 

As recited in claim 3, the instant invention further comprises 
(e) at least one polyunsaturated fatty acid of vegetable sources in 
addition to the components that are in claim 2. 

Applicant has found that the combination of zinc oxide and/or 
inorganic peroxides improves the microcirculation in the cell. This 
improvement can be both visually and biometrically shown. The 
improvement is further increased by the use of at least one salt and 
at least one secondary plant substance. 
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Disclosure of Hersh '791 

Hersh '791 discloses a composition of glutathione and 
selenomethionine in a topical carrier and method of using the 
composition to reduce and repair x-ray radiation-induced skin damage. 

Hersh "791 fails to disclose a composition containing at least 
one individual amino acid. 

Disclosure of Hillebrand '500 

Hillebrand '500 discloses a method for regulating wrinkles 
and/or atrophy in mammalian skin comprising treating the skin with a 
safe and effective amount of the amino acid derivative N-acetyl-L- 
cysteine and/or a derivative thereof. 

Hillebrand '500 fails to disclose at least one individual amino 

acid. 

Removal of the Rejection in view of Hersh '791 

Applicant respectfully points out that neither Hersh '791 nor 
Hillebrand '500 discloses at least one individual amino acid. 

Applicant submits that amino acids are carboxylic acids having 
one or more amino groups (~NH 2 ) in the molecule. In the technical 
field of the present invention, amino acids are divided into 
essential, semi-essential and non-essential amino acids. The about 
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20 different a-amino acids found in proteins are rather simple 
organic compounds having the general structure R-CH (NH 2 ) -COOH, in 
which an amino group and a side-chain (R) are attached alpha to the 
carboxyl functionality. The R group may be aliphatic, aromatic, or 
heterocyclic (Applicant respectfully directs the Examiner's attention 
to reference 2, page 57, paragraph bridging left and right column 
that was filed with the response of July 8, 2004). 

It should be noted that important commonly known amino acids are 
encoded. The coding of cystine is CysCys (please see reference 3, 
middle of page 65 that was submitted with the response of July 8, 
2004) . The person of ordinary skill in the art of the present 
invention would not regard selenomethionine used in Hersh '791 as a 
commonly known individual amino acid that is present in unsubstituted 
form. In the literature considered as belonging to the general 
knowledge of a person skilled in the art, selenomethionine is 
described as a "selenium-containing amino acid". It has been further 
described as a compound, which is (only) comparable with the 
essential amino acid methionine. In comparison to the amino acid 
methionine, in selenomethionine, the sulfur atom has been replaced by 
a selenium atom. That is, this compound contains a metal element and 
is therefore regarded as an organometallic compound. An 
organometallic compound is different from an organic amino acid 
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wherein the substituent R may be aliphatic, aromatic or heterocyclic. 
Furthermore, it should be emphasized that selenomethionine is a 
commonly used selenium source for orally administering selenium to 
mammals. Feeding studies showed that organically bound selenium, 
such as selenomethionine, is incorporated several times faster into 
the body tissue than inorganic selenium (see enclosed Ullmann' s 
Encyclopedia of Industrial Chemistry, volume A28, page 465, left 
column, 4th paragraph) . This is also confirmed by Hersh '791 in 
column 4, lines 13 to 19 and column 8, lines 20 to 25. It should be 
emphasized that Hersh '791 describes selenomethionine as 
"selenium-containing seleno amino acid" and not as an individual 
amino acid (please note column 8, lines 21 and 22) . The person of 
ordinary skill in the art to which the claims are generally addressed 
interprets the term "amino acid" as it is usually used in the 
technical field. The inventor of the present invention, who is an 
expert in the technical field of the present invention, is absolutely 
sure that every person skilled in the technical field of the present 
invention would interpret a selenomethione to fall outside of the 
scope of "at least one individual amino acid" that is usually known 
in the technical field. The term "amino acid" does not include 
"amino acid derivatives" or "proteins" or "proteids". This is 
evidenced by the references that are attached hereto. 
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Again, the term "amino acid" only comprises well-defined 
compounds of organic carboxylic acids in free form having 
unsubstituted amino groups. The selenomethionine used in Hersh '791, 
therefore, is not included within said term. It should be emphasized 
again that it is well-known to the person of ordinary skill in the 
art that selenomethionine is a usual selenium source. This is also 
confirmed by Hersh "791. In this compound, as mentioned above, the 
sulfur atom of the essential amino acid methionine has been replaced 
by the metal atom selenium. Since the essential part of the use of 
selenomethionine is the provision of selenium, which is also 
confirmed by Hersh '791, the use of this compound cannot provide any 
teaching or suggestion with respect to any individual amino acids. 
In view of this fact, the disclosure of Hersh '791 cannot teach or 
suggest a composition of the present invention. Thus, the rejection 
is inapposite. Withdrawal of the rejection over Hersh '791 is 
warranted and respectfully requested. 

Applicant also herein responds to the Advisory Action of 
September 1, 2004, regarding the term "amino acid derivative". 
Applicant respectfully submits that the Examiner's position has been 
adequately rebutted herein. But in the mentioned Advisory Action, the 
Examiner states that Applicant's position has been rebutted in 
stating that "a skilled artisan does not consider selenomethione an 
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amino acid derivative", and further refers to U.S. Patent Nos. 
6, 094, 414 and 5, 827, 886 (see page 3 of the Advisory Action). In 
response, Applicant notes the Examiner's position can always be 
rebutted by submitting the appropriate scientific or technical 
literature to support Applicant's position of patentability. In 
particular, citing scientific literature pertaining to the more 
educated worker in the field (truly scientific articles, such as 
Nature or a biochemistry textbook) and/or related to the more 
sophisticated technology (versus general knowledge) should more 
accurately reflect the meaning of amino acids and derivatives 
thereof. Thus, Applicant submit that the scientific references 
submitted with Applicant's response of July 8, 2004, is more 
persuasive than the cited U.S. Patents. Further, the cited U.S. 
Patents do not rebut Applicant's position as follows. 

The cited M14 patent indicates, e.g., in its claim 51 that "the 
amino acid comprises selenomethionine or selenocysteine" . However, 
this claim refers back to claim 50 that clearly indicates that the 
organic selenium compound as cited in claim 47 comprises a seleno 
amino acid. Claims 68 and 110 in the M14 patent also relate back to 
the previous claim, respectively, which clearly indicates that the 
selenium compound comprises a seleno amino acid. That is, if one of 
skill in the art reads the claims cited by the Examiner in the 
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context of the previous claims to which they refer, it is clear that 
the term "selenomethionine" is not within the definition of the 
general term "amino acid, " but instead within the term "seleno amino 
acid". The term "seleno amino acid" generally means an amino acid 
derivative containing selenium. 

With further regard to the M14 patent, Applicant submits that 
column 18, lines 23-34 indicate that selenium occurs naturally in 
varying amounts in a wide variety of foods and also is present as an 
impurity in the natural form of the preferred sulfur-containing amino 
acids, e.g., with methionine as the compound seleno-methionine . Also 
in this passage in the M14 patent, there is nothing which clearly 
indicates that the general term "amino acid" as used by a person 
skilled in the art includes the amino acid derivative 
"selenomethionine". This passage in the reference also indicates that 
in food grade sulfur-containing amino acids, the corresponding 
seleno-amino acid is normally present due to the similar reactivity 
of sulfur and selenium. That is, this passage clearly indicates that 
sulfur is replaced by selenium. Thus, Applicant submits that the M14 
patent does not rebut Applicant's position. 

With regard to the '886 patent, lines 53 and 54 of column 12 
read as follows: "yeast extracts with mineral glycopeptides and amino 
acids, such as selenomethionine or zinc glycopeptide ...". The 
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disclosed term of "mineral" also refers to the term "amino acid" if 
read in context. This is because the mineral in the term "zinc 
glycopeptide" is really "zinc", and the mineral in the term 
"selenomethionine" is "selenium". Therefore, the cited passage is 
clearly no evidence that the term "amino acid" includes the 
derivative "selenomethionine". Thus, Applicant respectfully maintain 
their position that the cited Hersh x 791 fails to disclose or 
recognize the composition of the present invention, as further 
evidenced by the state of the art. Withdrawal of this rejection is 
respectfully requested. 

Removal of the Rejection over Hillebrand '500 

Hillebrand '500 also fails to describe at least one individual 
amino acid. Hillebrand '500 describes a method for regulating 
wrinkles or atrophy in mammalian skin using a composition comprising 
N-acetyl-L-cysteine or a pharmaceutically acceptable salt thereof and 
a pharmaceutically acceptable carrier. The teaching of Hillebrand 
'500 is to use N-acetyl-L-cysteine or a pharmaceutically acceptable 
salt thereof for regulating wrinkles (see column 1, penultimate 
paragraph) . In the section entitled "Zinc Salts" from column 3, last 
paragraph to column 5, 1st paragraph, the cited Hillebrand '500 
reference indicates that the compositions are rendered substantially 
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odorless by adding a zinc salt. The zinc most likely removes odors by 
complexing with malodorous H 2 S, which may be formed in trace amounts 
as the active compound decomposes (see column 3, lines 56 to 62) . 
Similar to Hersh '791, Hillebrand '500 does not describe any 
composition comprising an individual amino acid. N-acetyl-L-cysteine 
is an amino acid derivative (see the present specification at page 7, 
lines 17 and 18) . Furthermore, Hillebrand '500 does not teach a 
combination of an individual amino acid and zinc oxide and/or 
inorganic peroxide. In column 7, penultimate paragraph of Hillebrand 
'500, there is a list of compounds disclosed, with "soybean saponins" 
being one in this list with a multiplicity of other compounds. 
Nothing in Hillebrand '500 points particularly to the group of 
secondary plant substances. Moreover, nothing in Hillebrand '500 
points to any improving effects of a composition comprising an 
individual amino acid, zinc oxide and/or inorganic peroxide and a 
secondary plant substance (SPS) . Further, there is no hint in 
Hillebrand '500 that by the specific combination of components of the 
present invention health improving substances, particularly SPS's, 
can be infiltrated better into the cell. 

Thus, Applicant submits there is no motivation for a person of 
ordinary skill in the art to replace the amino acid derivative in an 
example of Hillebrand '500 by any individual amino acid and, in 
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addition thereto, add SPS in a pharmaceutically effective amount. It 
should be noted that the Examiner did not provide any evidence 
supporting the allegation that the person of ordinary skill would 
have a reasonable expectation of success by doing this since 
Hillebrand '500 is absolutely silent concerning any effects of a 
combination of amino acid, zinc oxide and SPS. Therefore, Hillebrand 
'500 cannot render obvious the instant invention because Hillebrand 
'500 fails to disclose the elements of the instant invention. 
Accordingly, withdrawal of the rejection over Hillebrand '500 is 
warranted and respectfully requested. 

Request for Interview with Applicant's Representative 

As mentioned above, Applicant respectfully requests an Interview 
with the Examiner, and further requests such Interview take place 
before issuance of the next Office Action. Applicant believes the 
Interview would advance prosecution of this application. Applicant 
also requests that the next Office Action be non-Final. 

Conclusion 

A full and complete response has been made to all issues as 
cited in the Office Action. Applicant has taken substantial steps in 
efforts to advance prosecution of the present application. Thus, 
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Applicant respectfully requests that a timely Notice of Allowance 
issue for the present case. 

If any questions remain regarding the above matters, or in 
efforts to advance prosecution, please contact Applicant's 
representative, Eugene T. Perez (Reg. No. 48,501), in the Washington 
metropolitan area at the phone number listed below. 

Pursuant to 37 C.F.R. § 1.17 and 1.136(a), Applicants respectfully 
petition for a two (2) month extension of time for filing a response in 
connection with the present application. The required fee of $215.00 
(small entity) is attached hereto. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fees 
required under 37 C.F.R. §§ 1.16 or 1.17; particularly, extension of 
time fees. 



Respectfully submitted, 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 




By. 




ew D. Meikle, #32,868 



0147-0220P 



P.O. Box 747 

Falls Church, VA 22040-0747 
(703) 205-8000 
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AmutO|iyrln s. Amilnophenazon. 
Arrroioquinurtd. 




Interaat. Freiname flir M7^ / -Bis-(4-amino*2-methy)-6- 
chinoly^-harostoff^C^H^oNgO, M* 372,43, Zers. bei 
255 °C. Es wurde als Mund-Antiseptikum 1934 von 
L G. Farben patenriert u. ist in Kombination nut Te- 
tracain Hydrochloric! van Hernial (Hbrviros*) im Han- 
del, - E ~F aminoquintride - / amminochinuride - S 
aminoquinurida 

Lit-: Hager (5.) 7, 155-151.- (CAS 38 J 1-56-1} 

Amlno&2iire-Austausdi. Austausch einzelner Ami- 
nos auren in einem Protein. Der Austausch kann auf ge- 
net, Ebene durch eine '*Punktrnutation (s.B- gezielt 
durch *site-directed-Mtttageoese) hervorgerufen wer- 
den, Durch Austausch eines Mucleotids in einem Co- 
don kann bei der *Translation eine andere AminosSure 
eingebaut werden. Je nach Lage u. Eigenschaften der 
ausgetauschten Aminos&ure innerhalb des Proteins er- 
geben sich unterschiedlidh starke Auswirkungen auf 
seine Funktion. 

Auch fertige Proteiae od. Peptide konnen durch A.- A. 
gezielt ver&ndert werden. Ein Beisp. mit industriellem 
Nutzen ist die Abspalltung der C-terminalen Ami- 
nosSure Alanin aus Schjweine-Insulin mittels Trypsin. 
Diese wird im Folgeschritt durch Threonin ersetzt, vm 
Human-Insulin zu erhalten. - E aminoacid exchange 
~ F dchange d' acides amines - / scambio degli ammi- 
noacidi - 5 intercambio de amino£cidos 
Lit: Oxenderu. Fox (Hrsg:), Protein Engineering, New York: 
A. R. Liss 1987. 

Amlnosiuren (AMnoearbous&uren). Bez. fur *Car- 



bonsauren mit einec od: mehreren Amino-Gruppen im 
Molekul. Im engeren SEnn versteht man darunter die 
20 am Aufbau der EiweiBstoffe (*Proteine) betrilig- 
ten (proteinogenen) u, in *MucJeinsauren kodierten, 
aber in der Natur auch frej vorkommenden L-A. (L-2- 
Aminocarbonsauren). In reinem Zustand sind sie farb- 
lose, krist. Stoffe, die in festem Zustand u. in neutra- 
ler wass, Lsg, ttbenyiegend als innere Salze (*Zwitter- 
io'nen) vorliegen, d„h. das cbem. Gleichgewicht 




R-C-COOH 

i . 
H 



R-C-COO" 
ft 

H 



liegt weit auf der rechten Seite. Dadurch sind hohe 
Schmp. (ca. 250 °C unter Zers.) u. geringe (am *isor 
elektrischen Punkt minjraale) Loslichkeiten in unpo- 
laren Lsm. bedingt. A. sind amphot'et, d. h. sie k5nnen 
sich als SSuren u. als Basen betMtigen gem&B 



H-C-COO" 
i 
H 

R-C-COO" 
4 

H 



NH 2 
I 

R-^-COO + H 
H 



R-C-COOH 
I 

H 



bzw. 



Die Reste R werden Seitenketten od. Seitengruppen 
genannL Man unterscheidet: 

A mil unpolaren Seitengruppen: 



HgC-C-COO - 

H 

L-Alanin 
(Aia,A) 



HaC-CH-C-COO- H^-CH-CHg-C-CXXT 



1 

H 

L-Valln 
(Val.V) 



H^-Ofe-C-C-COCT 
i ft 
H H 



4 

H 

L'LeucIn 

H 
N 



H 

L-Prolin 
tPro,P) 



f V-CH 2 -Q-COO" 

~ S H 

U-PhenylaJanin 
(Phe.F) 



NH3 + 

CH2-C-COO' 
I 
H 

L-Tryptophan 
(Trp.W) . 



H^C-5-CHz-CH2-C-0OO" 
H 

L-Methionin 
(Met.M) 



A. mit polaren ungeladenen Seitengruppen; 

H-C-COO" HO-CHa-C-COO- HO— ^V-CHj-C-COO" 
H H H 
L-Serin 
(Ser.S) 



Glycin 



L-Ty rosin 
(Tyr.Y) 



H NH, + 
! f ^ 
H3C-C-C-COO" 

HO H 



L-Tbraoran 
(Thr.T) 



n*n 3 

HS-CHj-C-COO" 
H 

L-Cy stein 
(Cys.C) 



C-i 



mi 



// 
0 



Cr^-C-l 



COO" 



L-Asparagin 
(Asn,N) 



HaN NH 3 + 
C-CHa-CH 2 -C-COO" 
O H 



L-Gfutamin 
(Gln,Q) 



Saure A. (besitzen neg. geladene Seitengruppen): 



C-CH2-C-COO" 
// i 
O H 



L-Aspartat 
(L-A6paraglrts5ure;Afip,D) 



"O NH3+ 
v ? 
C-CH2-CH2-C-COO' 
// i 
O H 



L-Glutamat 
(L-Gtutamlnsdura;Gtu f E) 



Basische A. (besitzen po$. geladfene Seitengruppen): 



NH 3+ 

H3M-CH2-CH 2 -CH 2 -CH 2 -C-0OO* 
H 



HsN NH3+ 

C-NH-CH 2 — CH Z - CH2-C-OOO " 
H 2 N / H 

NH/ 



L-Lysin (lys,K) 



L-Arginin (Arg T R) 



H h"^^CH 2 -C-COO^ L-Hisdidin (His.H; bei pH 6) 
N i 



H H 

Abb.: Proteinogene Aminosauren. 



18/06.2004 10:37 FAX +49 89 41304111 Vosslus & Partner 



Ullmann's 
Encyclopedia 

of Industrial 




Fifth, Completely Revised Edition 

Volume A 2: 

Amines, Aliphatic to Antibiotics 



Executive Editor: Wolfgang Gerhartz 

Senior Editor: Y. Stephen Yamamoto 

Editors: F. Thomas Campbell, Rudolf PfefFerkorn, 

James F. Rounsaville 



VCII 




18/06 2004 10:37 FAX +49 89 41304111 Vosslu s & Partner 121015 



Numerical data, descriptions of methods or equipment, and other information presented in this book 
have been carefully checked for accuracy. Nevertheless, authors and publishers do not assume any 
liability for misprints, faulty statements, or other kinds of errors. Persons intending to handle 
chemicals or to work according to information derived from this book are advised to consult the 
original sources as well as relevant regulations in order to avoid possible hazards. 



Production Director; Maximilian Montkowsb 
Production Manager: Myriam Nothacker 

Library of Congress Card No. 84-25-829 

Deutsche Bibliothck, Cataloguing-in~Publication Data: 

Ullmano's Encyclopedia of Industrial Chemistry / ed. Wolfgang Gerhartz . . . [ed. advisory board 
Haos-Jurgen Aipe . . .\ - Weinheim; Deerfield Beach, Florida; Basel: VCH Verlagsgesellschaft 
Bis 4. Aufl. u. d. T.: Ullmanns Enzyklopadie dcr Technischen Chemie 

NE: Gerhartz, Wolfgang [Hrsg.]; Encyclopedia of Industrial Chemistry 

Vol. A. Alphabeticaly arranged articles. 

2. Amines, aliphatic to antibiotics / executive ed.: Wolfgang Gerhartz ... - 5., completely revised 
ed.- 1985- 

ISBN 3-527-20.102-5 (Weinheim) 

ISBN 0-89573-152-5 (Deerfield Beach, Florida) 



© VCH Verlagsgesdlschaft mbH, D-6940 Weinheim (Federal Republic of Germany), 1985. 



Distribution: VQH Verkgsgesellschaft, P.O. Box 12 60/12 B0. D-6940 Weinheim (Federal Republic of Germany) 
USA and Canada: VCH Publishers, 303 N.W. 12th Avenue, Deerfield Beach FL 33442-1705 «USA) 



All rights reservefd (mcluding those of translation into other languages). No part of this book may be 
reproduced in any form — by photoprint, microfilm, or any other means — transmitted or translated 
into a machine language without written permission from the publishers. 

Authorization to photocopy items for internal or personal, use, or the internal or personal use of 
specific clients, is granted for libraries and other users registered with the Copyright Clearance Center 
(CCC) Transactionajl Reporting Service, provided that the base fee of $ 1 .00 per copy, plus S 0.25 per 
page is paid directly to CCC, 27 Congress Street, Salem, MA 01970. 0740-9451/85 $ 1.00 + 0.25. 
Registered names, trademarks, etc. used in this book and not specifically marked as such are not to be 
considered unprotected. 

Cover design: Wolfgang Schmidt 

Composition, printing, and bookbinding: Graphischer Betrieb Konrad Triltsch, D-8700 Wurzburg 
Printed in the Federal Republic of Germany 



18/06 2004 10:37 FAX +49 89 41304111 
i 

• V01.A2 



Vosslus & Partner 



0016 

,nino Acids 57 



Amino Acids 



Axel Kleemann, Wolfgang Leucktcnberger, Bernp Hoppe, Herbert Tanner, Degussa AG, 
Hanau- Wolfgang, Fedferal Republic of Germany 



Introduction and History 57 

1. Properties 61 

LI. Physical Properties and Structure . . . . 61 

IX Chemical) Properties 64 

2. Production 66 

2 J. General Methods . 66 

2.1.1. Methods for D*L- Amino Acids 66 

2.1.2. Methods for t,- Amino Acids 67 

2.1.3. Methods for D- Amino Acids 69 

2*2. Production of Specific Amino Acids . . 69 

2.2.1. Alanine 69 

2.2.2. Arginine 69 

2.2.3. Aspartic Acid and Asparagine 69 

2.2.4. Cystine and Cysteine 69 

2.2.5. Glutamic Add. and Glutamine 70 

2.2.6. Glycine 70 

2.2.7. Histidiaei 70 

2.2.8. Isoleucine 1 70 

2.2.9. Leucine „ 70 

2-2.30. Lysine 71 

2.2.11. Methionine 71 

2.2.12. Phenylalanine 72 

2.2.13. Proline 72 

2.2.14. Serine 72 

2.2.15. Threonine 73 



2.2.16. Tryptophan 73 

22.17. Tyrosine 74 

2.2.18. Valine 74 

3. Biochemical and Physiological 

Significance 74 

4* Uses 76 

4.1. Human Nutrition 76 

4.1.1. Supplementation 77 

4.1.2. Flavorings, Taste Enhancers, 

and Sweeteners 79 

4.1.3. Other Uses in Foodstuff Technology 80 

4.2. Animal Nutrition 80 

4.3. Pharmaceuticals 82 

4.3.1. Nutritive Agents 83 

4.3.2. Therapeutic Agents 83 

4.4. Cosmetics 88 

4.5. Agrocfaemicals 88 

4.6. Industrial Uses 88 

5. Chemical Analysis 89 

6. Economic Significance 90 

7. Toxicology 91 

8- .References 92 



Introduction and History 

The proteins, although they occur in an al- 
most infinite variety, are composed of a relative- 
ly small number of ibasic building blocks, all 
a-amino acids, to addition, the amino acids ful- 
fill certain regulatory functions in the metabo- 
lism and are required for the biosynthesis of oth- 
er functional structures. This review is limited, 
for the most parit, to the protein-forming 
a-amino acids, becaiuse they are by far the most 
widely distributed in natee and are of consider- 
able economic interest 

The ca. 20 different a-amino acids found in 
proteins are rather isimpie organic compounds, 
in which an amino group and a side chain (R) are 
attached alpha to tie carboxyl function. The R 



group may be aliphatic, aromatic, or hetero- 
cyclic and may possess further functionality. 
At present over 200 naturally occurring oc- 

H 
I 

R-C-COOH 1 Amli)o acid 

H ? 
HjN-C-CO-NH-C-COOH ; Dipeptide 

i 

H H H 

H 2 NH^^C^NH-C^OVr r NH-C--COOH 
i l | 

R R Protein (« > 50) 
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amino acids are known [l]-[3], [11], Table 1 
(pp. 58-59) shows the structures of the a-amino 
acids found in proteins, where they occur ex- 
clusively as the L-enantiomers. o-Amino acids 
have been found only in the cell walls of some 
bacteria, in peptide antibiotics, and in the cell 
pools of some plants [Q, fl2], [13]. Table 2 lists 
some amino acids and derivatives that do not 
occur in proteins. 

History. The history of amino acid chemistry began in 
1806, when two Erencih investigators, Vauqueun and 
Robiquet, isolated asparagine from asparagus juice. It was 
not until 1925 that Sotryver and BURTON isolated threo- 
nine from oat protjein, the last discovered of the ca. 20 
protein-forming amino acids. Strecker synthesized 
alanine in IS 50 from acctaldehyde and hydrogen cyanide. 
ESCHER established the hypothesis of essential amino 
acids. Emil Fischer discovered that the amino acids were 
building blocks of the proteins. AbderKaLDBN synthesized 
threonine from acrylic acid derivatives and methanol Rose 
ct al, recognized threonine as the last of the eight essential 
amino acids. D,L-Methidnine was produced industrially in 
Germany in 1948, andlin 1956 ^glutamic acid was pro- 
duced by fermentation in Japan. 

Origin of Amino Acids* The first amino acids were 
probably produced on the earth more than 3 x 10 9 years 
ago via "prebiotic synthesis" in the primordial atmosphere. 
The concept of prebiotijc synthesis is based on laboratory 
experiments in which glycine, alanine! aspartic acid, glu- 
tamic acid, and other compounds were produced by the 
action of an electrical discharge on a simulated primordial 
atmosphere consisting of methane, hydrogen, water, and 
ammonia [14]. Since then, traces of amino acids have been 
detected in moon rocks, meteorites, and interstellar space. 



1. Properties 

IX Physical Properties and Structure 

a-Amino adds are nonvolatile, white, 
crystalline compounds with no defined melting 
points. They are relatively stable on heating, gen- 
erally decomposing.at 250-300 °C. Both the low 
volatility and the thermal stability result from 
the low-energy dipolar structure (zwitterion, in- 
ner salt, betainej), wflbJch the amino acids assume 
in the solid state. 



R-CH-COO" 



Evidence for this structure is provided by infra- 
red and Raman ispeptra Lb which the bands typi- 
cal of -NH 2 and -COOH moieties axe absent. 
Equilibrium in solution also Ues almost exclu- 
sively on the sidle of the dipolar form; therefore, 
amino acids are insoluble in nonpolar solvents 




and usually not very soluble in polar ones. The 
only amino acids that exhibit any appreciable 
solubility in alcohol are proline and hydroxypro- 
line. Solubility in water depends on the pH: the 
minimum is at the isoelectric point. 

This solubility minimum at the isoelectric 
point is quite useful for purifying and recrystal- 
lizing amino acids. The analytical technique for 
separating amino acid mixtures by electropho- 
resis is based on the fact that a specific amino 
acid does not migrate in an electric field at its 
isoelectric point, pi, a physical constant for each 
amino acid. 

The physical properties of the most impor- 
tant a-arnino acids are listed in Table 3. 

Stereochemistry. With the exception of 
glycine, the simplest amino acid (R = H), all nat- 
ural a-amino acids are chiral compounds occur- 
ring in two enantiomeric (mirror-image) forms. 



R 
I 



.-COCT 



I- Amino acid 



R 

-ooc-.c v 

D- Amino acid 



The prefixes l and d express the absolute configuration 
about the a-carbon atom by means of the formal stereo- 
chemical relationship to L- or D-glyceraldehyde, the refer- 
ence substance introduced by Emil Fischer in 1891. In 
addition to the spatial representations shown above, the 
so-called Fischer projections are also universally recogniz- 
ed and used: 

COOH COOH 
H2N-|— H H— j— NH a 

R R 
L-Axoino acid r>- Amino acid 

Polarimetric determination of the! specific rotation Md can 
be used to differentiate between the two enantiomers and 
to check their optical purity. The molecular rotation [Aff D 
is less common; 

M r molecular mass; t temperature; D 589.3 nm (wave- 
length of the sodium D line) 

Further methods for investigating the structure of ami- 
no acid enantiomers include the Cotton effect (change in 
molecular rotation as a function of the wavelength of 
plane-polarized light), optical rotational dispersion (rever- 
sal of the direction of the molecular rotation at the wave- 
length of the absorption maximum), and circular dichroism 
(differing absorption for left- and right-handed circularly 
polarized light). L-Amino acids exhibit a positive carbonyl 
Cotton effect, oamino acids a negative one, 

lsoleudne, threonine, and hydroxyproKne contain two 
chiral carbon atoms each; therefore, they appear in four 
stereoisomeric forms. Cystine, which likewise contains two 
chiral carbons, has only three stereoisomers; D-, and 
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nized clearly, and considerable growth can be 
predicted. 



4,3.1. Nutritive Agents 

Infusion Solutions. Parenteral nutrition with 
L-amino acid infusion solutions is a well- 
established component of clinical nutrition 
therapy. A standard infusion solution contains 
tbe eight classical essential amino acids, the semi- 
essential amino acidsi L-argiioine and L-histidine, 
and several nonessential amino acids, generally 
glycine, L-alanine, L-proline, L-seri ne, and 
t-glutamic acid. 

Also available arc special infusion solutions tailored to 
the requirements of particular groups, auch as newborn 
infants, seniors, or patients with an extreme negative nitro- 
gen balance. Solutions rich in the branched-chained amino 
adds leucine, isoleucme, and valine and poor in methionine 
and aromatic amino acids are available for liver-disease 
patients. Solutions containing only essential amino acids 
are available for kidney paftients. Enzymatic protein hydro- 
lysates, which were used as (infusion solutions until a few 
years ago, have disappeared almost completely from the 
market They were not available in the optimal composi- 
tion, and there were often compatibility problems. Only 
pure, crystalline L-amino acids are used in modern infusion 
\ solutions. The solutions (up to 10%), which also contain 
electrolytes in addition to amino acids, are sterile and 
pyrogen-frce. 

The simultaneous administration of carbohydrates is 
necessary for optimal utilteatiou of the amino acids. Glu- 
cose is normally a separate infusion. Some commercially 
available amino acid mfusSon solutions contain an energy 
source in the form o:f Bugar alcohols (sorbitol, xyb'tol), 
which do not enter into a Madllard reaction with the amino 
acids. 

Normally, parenteral nutrition is only practiced over a 
limited time. In principle, however, total parenteral nutri- 
tion over many years is possible. Ini such a case, all essential 
nutrients (unsaturated! fatty acids, vitamins, and trace ele- 
j merits) must be provided. 

Elemental Diets. Enteral nutrition is also' a means of 
providing the essential nutrients (222], Elemental diets, 
which were developed- originally for the astronauts [223], 
contain chemically defined nutritive components. In addi- 
tion to free amino adds the mixtures generally contain 
carbohydrates, fats, mineral^ and vitamins in a combina- 
tion adapted to the recjuirements. In many cases, elemental 
diets are used as an, alternative and supplement to paren- 
teral nutrition. They have Hugh nutritional value and are 
totally resorbable. They are largely independent of the 
digestive function of the pancreas and reduce the intestinal 
bacteria flora. Amino acid elemental diets generally are 
used in cases of anatomic, functional, or enzymatic defects 
• P2fl. 

Formula diets based on peptides currently are gaining 
ground as an alternative to elemental diets based on 
L-amino acids. According ito recent studies [225], short- 
chained peptides are rejsorbjed rapidly via a peptide trans- 
port system in the gul, -therefore in a process that is indc- 
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pendent of amino acid transport. Recently, compositions 
of nitrogen-free amino acid analogues (keto acids and hy- 
droxy acids) have come into use for the special case of 
kidney insufficiency (chronic renal failure). 

Elemental diets or formula diets are administered 
orally or via a nasogastric tube directly into the gastro- 
intestinal tract, 

4.3*2. Therapeutic Agents 

Many therapeutic agents are derivatives of 
natural or nonnatural amino acids. Examples 
are benserazide, captopril, and dextrothyroxine. 
They are described under keywords such as 
Spasmolytics, Blood Pressure Affecting Agents, 
or Thyrotherapeutic Agents. Only therapeutical- 
ly useful amino acids and simple derivatives are 
treated here. 

Amino Acids and Salts* The amino acids and 
their simple salts that are currently important 
therapeutic agents are compiled in Table 20. The 
proprietary names listed represent only a selec- 
tion. 

^-Acetylcysteine [6i6-9t-t\ C 5 H 0 NO 3 S, M t 
163.2, mp 109-110°C, [«fi° + 5° (c - 3, H a O), 
is a mucolytic and secretolytic agent. 

HS-CHj-i-COOH 

It is prepared by reaction of cysteine hy- 
drochloride monohydrate with acetic anhydride 
in the presence of sodium aceiate [226], [227]. 

Trade names; Fluimucetin (Inpharzam, FRG), Flui- 
mucil (Inpharzam, FRG; Zambon, Italy), Mucolyticum 
"Uppc" (Lapjfe, FRG), Mucomyst (Allard, France; Mead 
Johnson, USA), Airbron, Parvolex (Duncan Flockhart, 



Carbocisteine (carbocysteine) [638-23-3], 
iJ-carboxymethyl-L-cysteine, C 5 H<>N0 4 S, M r 
179.2, mp 204-207 °C (decomp.), [a]£° -34.0 to 
-36.0° (c = 10, H 2 0), is used to treat disorders 
of the respiratory tract associated with excessive 
mucus. 

H 

HOOC-CH 2 S-CH 2 -6-COOH 

Synthesis involves 5-allcyIation of L-cysteine 
with chJoroacetic acid in the presence of sodium 
hydroxide [228], [229]. 
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Amido- 

Amido-: s. Amino-, 

Amikrobioisis uitestinalis (de Rudder): 
V.ollst. Fehlen v, Darmbakterieii (Darin-, 
flora} insbes. nach Behandlg. mit Ajatdbioti- 
ka. 

Amikronen: Im IJltramikroskop nicht mehr 
erkennbare Te'Uchen (Durchmesser unter 1 mp). 

Axoimie: fehlen d. Mienenspiels (motor. 
A M atakt. A.) bzw. Nichtverstehen d, 
Mimik anderer (jsensor- A.). 

Amindiabetes: ;S„ Aminosaurediabetes. 

Amine: Abkomtalinge d. Ammouiaks, indem 
em od. mehrere H-Atome durch Alkyl- od. 
Arylreste ersetzt sind. Prim&re mit d. Gruppe 

2iTH a (Methylaimin CH a — NH a ) entstehen 
durch Ersatz eines, sc(kuad» mit dU Gruppe 

KH (Dimethylamin (CH,) 2 WH) dutch Er- 
satz v. zwei, itert. xxxit=N (Trimethylamin) 
durch Ersatz! aUer d*ei H-Atome. Qnartare 
Ammoniumbalseni* mit d. Gruppe = las- 
sen sich v, . Ammoniumhydroxyd KHjOH 
ableiten. A., ibiogene (Guggenheim): Elasse 
von Stoffen, die dutch Dekarboxylierung* 
von Azninosanrem emtstehen. Viele b. A. haben 
pharmakologische Wirkungen (z. B. Histidin* 

HMamin*), sind Teile von Coenzymen (z* B 
Cystem* ~y Oyste(ainin*) oder Vorstufen von 
Hormonen (5-!Hyflroxy-tryptophan Seroto- 
nin*). VgL Mcmoaminooxydase, MAO-Hemm- 
stoffe. 

Aminoazidurie (acidum Saure, oOpov 
Ham): Ang'ebor. od. erworbene AusBchei- 
dung von Amihosauren* im IJrin. Der 
Aminos&urespiegel im Serum sohwankt 
ziemlich koustaut um 4,2 mg%. Normals 
weise werden nur i— 2% der aufgenomme- 
nen Amiaosaiuren im Urin ausgeschieden. 
VgL Hyperamiaoafcidurie. 

p-Amlnobeii2oesaure (PAR): 
H a ST COOH TJnentbehrlicher, 

noch in der Verdlnriung von lO*^ 11 wirks. 
Wuchsstoff ftix Otrganismen, die Folsaure (s" 
Vitainin-B-Komplex) synthetlsieren konnen 
(Bakterien). Das lEnzymsyatem, das PAB in 
die FoM,ure einbaut, kaam durch die Derivate- 
d. Sulfanilamid . UJX 



S0 2 NH 2 

(= Sulfonamide*)! geheinmt X werden (s. Anti- 
metabolite^ Anfcyitamine). Ursache der 
selektiven "Toixizitat (Bakteriostase* ohne 
Wirtsschadigung) d, Sulfonamide: Bei den 
Bakterien Unjterbrechuing der Folsauresyn- 
these; bei Tiejr li. Meinsch ist Folsaure ein 
Vitamin, da Sjyntfcese nicht moglicbu — Die 
PAB ist ferner dj. Gruhdkorper e, Reihe v. 
. Lokalaxiasthetitka. 

AjiiinocapriDinsSiiire: s. Epsilon-A. 
Aminogalakfosej: isyit Galaktosamin*. 
Aminogruppp: — ItfHq. 
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Amme 



Aminosaarediabetes (Siapafvco gehe hin- 
durch) (Debx$, de Toni, Fanconi 19S6): syn. 
chronische Aminoazidurie; rezessiv erbliche 
Stoffwechselanomalie* mit vermehrter Amino- 
saureausscheidung (Hyperaminoazidurie*) auf 
Grund eines Enzymmangels (Phosphatase, 
Phosphorylase) in den Nierentubuli (proxi- 
mate Abschnitte ?). 

Kann mit einem Phoephatdiabetes kom- 
biniert auftreten als nephrotisch-glykosuri- 
scher Minderwuchs* mit hypbphosphatami- 
scher Uachitis (s # u. Phosphatstdrung). 

AmiiiosaOTen ; Binfachste Bausteine der 
Eiweifikorper*; Carbonsauren, bei denein 
ein H durch eine Amino^ruppe — NH 2 er- 
setzt ist. 

Die im EiweifiBtoffwechflel wichtigen A. 
sind fast alle a- A, u. L-A. Allgem. Formel: 

<0 



O'foH 

I 



Zwei A. bilden durch Peptidbindung ein I>i- 
Ifeptld, drei ein Tripeptid, bis zu 10 ein Oligo* 
peptld, mehr als 10 ein Polypeptide ttber 100 
ein Protein. — Im KSrper sind 25 Amino- 
sauren bekannt, davon sind 10 essentiell 
(Valin, leucin, IsoleuciDi, Methioniri, Threo- 
nin, Phenylalanin, Tryptophan, Histidin, Ar- 
ginin, Lysin). 1. AHphafiifiehe A.: Threonin, 
Isoleucin, Methionin, Valin, Leucin (Mono- A.): 
Lysin, Arginin (Di-A.). 2. Aromatisehe A.: 
Phenylalanin (isozyklischi); Histidin, Trypto- 
phan (heterozyklisch); ferner: glukopiastische 
A.: Konnen in d. Leber. zm Glucose ttmgebaut 
werden, z. B, GlykokoU, Alanin, Arglnin, 
Glutaminsaure usw.; vgl. Gluconeogenese; 
ketoplastische A.: KOnnen in d. Leber Azeton- 
korper bilden, z. B. Leucin, Tyrosin, Isoleucin 
u. Phenylalanin. 

Aminosanreoseqaenz (se^ui folgen): Primar- 
strukturvder Proteine* (Atifklarung der ersten 
grOBeren Sequenz: InsuUn, Sanger 1954). 

p-Amiao-Salkylsaurc (PAS) : s. Para-Amino- 
SalicylsSure. 

Aminosaureoxydasen: Enzyme, die die oxy- 
dative Desamjnierung von Aminosauren kata- 
lysieren; Flavoproteide*. VgL EiweiBstoff- 
wechsel. Aus d. Aminosaure entsteht unter 
Abgabe von 2 H-Atomen eine Iminosaure, 
die dann zur Ketosaure Uu Ammoniak hvdro- 
lysiert wird. * 

Aminosidin: syn, Parosaomyciu*. 

Aininozucker: Die Hydroxylgruppe e. Mono- 
saccharids* wird durch eine Aminogroppe 
ersetzt, z t .B f Glucosamin*, Galaktosamin* 
Bausteine hochmolekularer Naturstoffe, z. B. 
von Chitin, Hyaluronsaure, 

Aminurie: Ausscheidg. v. Aminen L Harn b. 
meist glelchzeitig. Aminoazidurie* u. Di- 
aminuxie*. Bei Erkrankg. d. intermediaren 
Stoffwechsels (z. B. b. Tb.\. 
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Llothyrom'ne I 125 or I ,13 J - t .< 

TtiiadoUiyzDniDft 1 *25 (o* 131); «*I-lnbsU>d T-3 (or 151); '* 
LiofrtfrOnixtt I* 181- (^udw-r Co/ufuhajua); Tx«aitdp6 (5gu&6); 
, . , v . i r • ■ Triomtft (Atodtt).- ...!:.:-,....,. ! 

Lio thyronine labeled With eijther '" us i or 131 I by mild, oxida- 
tion. For Re structure of Uqthj^onine, 9^p^Lge909 f 

Preparation— ^By the exchange of crystalline synthetic 
hormone *with Ul l under' carefully -controlled conditions. 
Since such reactions always result in a mixture of products, 
purification must be effected by column and/or paper strip 
chromatography. >( «. 

TJees — For in vitro evaluation of thyroid function. 
labeled T-3, added to an alliquo* of the patient's serum, along 
with a source of secondary binding sites .{Sephadex, ion- 
exchange resin, etc.), will! become bound to binding" sites On 
tfbyroxme-binding proteins (TBP) -.not occupied, by thyrox- 
ine. lt8 I-labeled*T^S not bound to T BP becomes Jbound to 
the 'secondary binding 1 sites in which form it .is separated 
from the serum and measured > thereby providing an esti- 
mate of unoccupied b«*d«is riffies on theTBP. 
, Nbfc^IJue jbo the high specific activity required, radia- 
tion ^damage «an' easily Itake place. . This is in part pre- 1 
vented. by the use or propylene glycol. (60%) as a solvent. 
Packages should be xefirigenated or even . frozen "during 
storage, and should not be used longer than 2 weeks; • 
. Kj iNote—In making dosag^- calculations, correct for radioactive 
decay; for radiological constant?, see Table II. • 
' 1 1 T>0$&—Not for internal use. : : C ', ; . • — . J 

' Oleic Acid i 125 m#r 13t 

. Triolein I 125 and f 131 

Oltmtope 1-125 i&jllibb) ; • Qlayct Acid- 1 125 Kffuclcar Consultants) 
ftaoletc Add -131 (AMa£t};.Oleotepe and Oleotopo Diagnostic (SQuibb); 

• Oleic Ackl I %31 Wucbar Consultants) 1 : • • jr-ii" 
, . .Triolein 1 125 {Ifutlcur Consultants) .. 

"[ ""^Kii : l3'i"(^6o«)rT!aotoI» I J-31 Wuf^ Corumh^)-'', " 
• " TWoiootope '{Squibb) 

, Oleic acid or triolein. whi oh has been iodinated, by mild 
oxidation of lM I or.WI to formiiodostearie acid l *I (ox m I) or- 
^odostearin M l (or „ respectively s. . , : ■ 

■■T Preparation — lodinfetled ^triolein- is. prepared, by. the ac* 
#tion of iodine monochlbride oh the highly purified- fat tri- 
olein, ia a carbon tetrachloride solution.- After removal 
lof tfee. solvent,. and also all "free iodine/' it is diluted with 
peanut oil to an activity! ^f about l.mCi/ml.': The iodine, 
"ond -is relatively stable in ihe - digestive tract,* but it is 
liberated, as the molecule lis metabolized in the blood stream 
and tissues. >. 
\V r ob!ixiated oleic acid & (prepared in . a similar manner and 
h^sra^ar properties, .. ... >"..' 

Uses — As diagnostic agents for measuring <fat absorption 
m suspected pancreatic disease or other gastrointestinal 
dysfunction. The use of these agents is based on. the 'fact 
that the triolein, requiring pancreatic lipase' for, hydrolysis 
prior fb passage through the gastroiutesiibal wall,' is not ab- 
sorbed in casee of' pancreatitis 'and iqysiic fibrosis,-, while the 
free acid, not reqiurihg sjich hydrolysia, is taken, up ih the 
^imal'fasnipn. The asshy for extent of abaofptioTi may be* 
r . i^de*. oi>'blqo : d. sam^lea, taken .2 to '8 hours a^r aa^ninis^ 
:^;tetibh, or oni4- to 38-ih^ur stool samples. " ; { 

v'.. "Note-^In ntaking fiosizge calculations, for radioactive 

^•J.ffefty; for radiological constants f see Toole 71. , , 

t>6se — Oral Ccipsules or Oralisolution) , 25 to 50 *tCi» 



.^/.Sel^nofnothidhine Se 75 

-'J'ijft Selfenom«thionlno-75 (J&iegnottit: lBQ£(>P**)X i-Stilanomothioniiit>-So 75 
\ fyAmcraham Bcartc) 

# \ . ■ '•■ ' • - 

An isotonic, sterile pyrogenffree. solution of i>eokno- 
ithionine containing an u $<a radioactive . tag [7246-06-2 J. 
lenomathionine is the [selenium analog of the naturally 
*"" rrog amino acid metkibnine . The general biochem- 
ot seJenoxrietbionineJand methionine are therefore very 



See Methionirie (page 964) . 



. preparation — Extracted from yeast grown- on a sulfur- 
free medium- to which trace . amounts, of "sodiuxu selenite, 
labeled with 7S Se, have been added. -After hydrolysis *6f 
t]he yeast, protein as 7 *Se-labeled amino acid is separated..* 

Uses — For . scintography of -the pancreas and paratfiyroid 
glands. Ib has also been used to visualize the parotid and 
prostate glands. ■ * ■«--.. 

Note — In making dosage calculations^ correct for radioactive 
decay; for radiological constants, see Table IT 

Dose^ — 100 to 250 ^Ci. 

Sodium Chloride No 22 ' 

Sodium Chloride Na 22 {Abbott: ^ucXcar Consultants) 

A sterile, pyrogen-firee' solution of sodium chloride "Na 
[l71l2r2l-9] .suitable >for injection. 

I*r«paration-^CyclotrOn- produced by bombarding s *Mg 
with deuterona, The reaction ig * 4 Mg (& r ct) "Na. 

TJyes — Ab an injection for the determination of circula- 
tion times, sodium space, and total exchangeable sodium. 
While the use of **Na has certain advantages over the use of 
"Na in medicine, its half-life of only 15 hours creates prob- 
lems of supply and . the- usual' tracer dose of "Na is well 
within the accepted tolerance level. Because "Na emits 
positrons it can be detected readily by coincidence counting 
methods which combine the advantages of low background 
activity with high resolution. 

• Note-yln making dosage calculations, correct for radioactive 
decay; for radiological constants, see Table II. ' 

DobG— Intravenous, 5 to 10 /iCi, ' 

Sodium Chromate Cr 51 Injection USP 

Chfomic ueiil (H^CrOO, dlflodium salt; Chrom'Cop« Sodium (Squibb); 
•. i ■'• JtUcfcroo^tc^! (Abbott) 

; ; bisoaium 'chromate" (N a^'CrOO [7775^1 1-3 J. Injection 
USP:. A sterile solution of radioactive ?}Ci processed 
in the form of sodium chromate in water for injection. For 
those uses where an isotonic solution is required, sodium 
chloride' may be added in appropriate amounts as provided 
uncter. Injections', page. 1461. The specific activity is not 
less than 10 niCi/mg of sodium chromate at the end of the 
expiration period. Other forms of radioactivity do not ex- 
ceed 10% of the total radioactivity. 

Preparation — By neutron- bombardment of enriched 
"Cr. 

Description — Injection USP: Cleiif. dightlr y*lW 6olhtion; fcH be- 
tween 7.6 and 8.G. 

Uses— A biological tracer to measure circulating red-cell 
volume, red-cell survival time, and whole-blood volume (red-cell 
mass and plasma volume). To tag erythrocytes, a sample 
of the patient's blood or of donor- blood is mixed with a 
solutiod of Na^ L Cr0 4 and allowed to remain until the isotope 
diffuses into cells (15 to 60 mic). • Once inside the cell, the 
bivalent chromate anion (CrO<~ a ) is reduced to the tri- 
valont chromic cation (Cr-t?), which firmly associates with 
the' globin portion of the cell contents. The unbound 
chromium (in the .plasma) is either reduced with ascorbic 
acid or removed by washing the cells. The treated blood 
or suspension of cells is then injected into the circulation, 
time allowed for complete in vivo mixing, and samples taken 
for scintillation counting. Red-cell or whole-blood volume 
is estimated by the radioisotope dilution method. Normal 
mean values for whole- blood volume obtained by the isotope 
method are 65.6 ± 6.95 mg/kg. 

Such tagged cells also provide an excellent means of study- 
ing red cell disappearance, as in hemolytic anemias and 
gastroineptirtal bleeding. Platelets may also . be labeled, 
though, less effectively. For such purposes, it is essential 
that the specific activity be high — at least 5 to 15 mCi/mg. 
Such a solution, prepared by she peroxide oxidation of Cr- 
Cla, is essentially colorless. ■ 

For greatest tagging efficiency, sterile vials are available 
containing a special fornntln AC.O fjolution. The blood and 
chromate are added directly to these vials wherein tagging 
takes place. 
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Neue Entdeckungen erweitern unsere Kenntnis 
uber die Wichtigkeit von Selen 

TeU IV 

Formen von Selen-Supplementen: 



Die wirksarastera und sichersten Formen, unsere Ernahrung mit Selen zu 
erganzen, isjt nicht die anorganische Salzform, sondern sind die organischen 
Fomien Selenomethionin oder Selen-Hefe, 

Selenomethionin: 



Sclera* cfh****** furifictt , £cle*iuiL~*K c6*faa*o*j Ot*J™ acH m 

Selenomethionin ist cine flereinifitc, Selen enthaltende Aminosaure. Es gibt 
keine Hefe in Selenomethionin. Es ist eine naturlich auftretende Komponente 
in bestimmten Lebensmitteln . Selenomethionin ist dem essentiellen 
Aminnga ure-Methionin ahnlicli, aber mit einem Selen-Atom statt einem cssc*k*I 
Schwefel-A)tom ausgestattet ( Selew i» *Hu*+J* e V* parable Ui^f&u^yo ae*et 
AncM^ru^ifi t hwev+r Sa% A SeU*Ju** ctfam *>> pt*cc the £±lfrr a&m.J 
Die Fonn von Selenomethionin, die der Korper verwenden kann, ist L- 
Selenomethionin (enthalten in SELEN, gebunden an Spirulina platensis). 
Dieses wirdbesser absorbiert und besser in die Korperkomponenten integriert 
als jede andere bekannte Form des Selens. Forscher, die anorganisches Selen 
mit DL-Selenonaethionin verglichen, fanden, daB DL- Selenomethionin nicht 
so effektiv wie das anorganische Selen war (45). DL-Selenomethionin wird zu 
anorganischiem Selen abgebaut und an den anorganischen Selen-Korperpool 
zuriickgegeben. Dadurch betragt die Bioverfiigbarkeit nur 1/5 des L- 
Selenomethionna (HJi . 

Prof. Richaird A. Passwater hat dreiflig Jahre lang verschiedene Formen des 
Selens beii seinen Tierstudien verwendet und herausgefunden, daB di e Selen 
enthaltenden Aminosaoren (Selenometbionux und Selenocystein ) und die 
raethylierleiii Sefenide gegenuber den anorganischen Formen von Selen 
(Selenit und Selenat) in bezag auf allgemeine Gesundheit, Langlebigkeit und 
Krebsverbinderung vorzuziehen sind 

In neuseellacidisQhen Studien wurde herausgefunden, daB Selenomethionin 
njindestens zu 75 Prozent biologisch verfugbar ist, verglichen mit maximal 59 
Prozent biologischer Verfugbarkeit bei der Einnahme von Natriumselenit. Die . 
Blut-Selem-Spiegel stiegen mit Selenomethionin schneller und blieben 
konstanter als nach der Einnahme von Natriumselenit jSJfci?), 

In einer finnischen Studie wurde nachgewiesen, daB Selenomethionin die 
Blut-Selen-Spiegel auch wesentlich starker ansteigen lieB und diese Substanz 
linger imBlut verblieb als anorganisches Selen {33}. 

In einer 1984 durchgefuhrtcti MIT-Studie wurde festgestellt, daB organische 
Formen des) Selens (Anm.: z.B, Selen/Spirulina) in der Lage sind, den Selen- 



h^://www.webmedcla/(^cs/selen/Selen_Teii_IV.htm 
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464 Yeasts 

(PER) because animal feeding tests were carried 
out at an assumed protein value higher than the 
true value. Much of tlhe literature uses a PER 
value of 1.8 (cf. casein PER of 2.5). 

Total yeast proteins are generally higher in 
lysine and deficient in sulfur amino acids, 
methionine, cysteine, aed cystine as compared to 
cell-wall protein amino acid composition (see 
p. 462). The amino acid composition of yeasts 
resembles that of oil-seed proteins, particularly 
soy protein. 

Vitamins. Most yeast species are unable to 
synthesize one or more vitaairains and are depen- 
dent on external sources. 

Yeast contains predominantly the vitamins of 
the B complex, and is thus an excellent source of 
B vitamins for human and animal nutrition. 

Inactive dry yeast is frequently used as a vita- 
min supplement ratbec than as a source of 
protein in food formulations. Some dry yeast 
products are even fortified with vitamins such as 
B ls and niacin to meet certain special re- 
quirements of vitamin tablet manufacturers. Al- 
though the daily requirements for most of the 
B vitamins are not fully met by the recommend- 
ed yeast intake, their contribution to meeting the 
B complex vitamin requirements in the human 
diet is substantial. However, yeast does not 
provide vitamin C and fat-soluble vitamins such 
as A, E, K, and D. Nevertheless, dry yeast can 
function as a valuable vitamin source when used 
in combination with othler food ingredients, as is 
generally the case with human diets. 

Baker's yeast contains 7-10% ergosterol, 
mainly in the membranes. It serves as the precur- 
sor for vitamin D 2 - This conversion occurs when 
ergosterol is irradiated wirtlh ultraviolet light. 
However, this process is niot economical since 
synthetic vitamin D 2 is. less expensive. Baker's 
yeast does not contain 7kleliydrocholesterol, the 
precursor of vitamin D 3 . 

Minerals. Yeasts take up substantial quanti- 
ties of macro- and mjcrionufrients from the sur- 
rounding growth medium. The mineral-ash con- 
tent amounts to ca. 8% on a dry solid basis. 
Although the concentrations of potassium and 
phosphorus in dry yeast are higher than those of 
other elements such as Ca, Mg, and S, the miner- 
al contributions made by an allowable daily serv- 
ing of 20 g of dry yeast is minor considering the 
high mineral content in the bulk of an average 
human diet. 
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However, recent nutritional studies have 
shown that certain diets are deficient in some 
important trace elements. Supplementation of 
these diets with dry yeast has partially or wholly 
alleviated such dietary problems. Such inade- 
quacies in the diet were later determined to be 
due to deficiencies of trace elements such as 
chromium, selenium, and molybdenum. Brew- 
er's and baker's yeasts contain these elements in 
trace levels. Specially produced yeast products 
are now commercially available with higher lev- \. 
els of these micronutrients. s 

Chromium. In 1955 researchers reported that 
rats fed with certain nutritionally deficient diets 
showed impaired tolerance to blood glucose. The 
conditions were then reversed by supplementing 
the feed with brewer's yeast. It was later suggest- 
ed that the active component responsible for re- 
versing the glucose intolerance was an organic 
complex rich in chromium. 

Diabetes, which is caused by glucose intoler- 
ance, can manifest itself in two ways. In j uvenile 
diabetics, the pancreas fails to secrete insulin into 
the bloodstream. Those who are affected by an- 
other type of glucose intolerance begin to show 
symptoms in midlife. These patients secrete in- 
sulin into the bloodstream but cannot control 
their blood sugar level. It is possible to correct 
this problem by supplementing the diet with 
brewer's yeast. Findings have indicated the im- 
portance of another component besides insulin 
for the proper control of the blood sugar level. 
This active component, which is a trivalent 
chromium complex, is now referred to as glucose 
tolerance factor (GTF). Patients in the second 
category have GTF early in life, but tend to lose 
it with age, causing increased vulnerability to di- 
abetes. It is suggested that GTF functions as a 
cofactor for insulin, thereby enhancing the bind- 
ing of insulin to receptive sites on the membranes 
of insulin-sensitive tissues. 

Other investigations showed a reduction in 
the level of cholesterol and triglycerides in the 
blood of humans supplementing their diets with 
brewer's yeast rich in GTF. However, further 
feeding studies are necessary to confirm the re- 
sults before yeast rich in GTF could be recom- 
mended as a possible treatment for lowering 
blood sugar or curing lipid disorders. 

Selenium has been recognized as an essential 
trace element for both human and animal nutri- 
tion. Recent surveys in some parts of Finland 
show that people with blood selenium, less than 
0.04 ng/L are three times more prone to heart 
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attacks than their counterparts with normal sele- 
nium levels. Also, in China a fatal heart disease 
in children known as Kaishan's disease is 
presently treated by fortifying the diet with sodi- 
um selenite. 

The importance of selenium in animal nutri- 
tion is also well documented. A common disease 
in lambs, white muscle idisease, is due to selenium 
deficiency. It can be cured by adding 0.05 ppm Se 
to the diet. 

A diet containing Se at the levels approach- 
ing toxicity is effective in lowering the incidence 
of some types of cancer in animals. Research 
findings strongly suggest that certain types of 
cancer can be prevented by maintaining a proper 
level of Se in the diet. r 

Early feeding studies conducted with selenite 
or selenate salts as isourees of Se showed that 
the uptake of Se w&si quite poor. In contrast, 
organically bound Se, such as selenomethionine 
found in some natural foods, is incorporated 
several times faster into the body tissue than 
inorganic Se. 

Organically bound Se is now recognized as 
nutritionally important because of its ability to 
prevent some vitamin E deficiency disorders, at 
least in laboratory animals fed diets partially re- 
duced in nucleic acids. 

Reports, particularly from Finland, indicate 
that Se deficiencies can be corrected by supple- 
mentation with Se-rich yeasts. 

There are several factors that restrict Se up- 
take by yeast under conventional batch propaga- 
tion conditions primarily because of toxic effects 
of Se salts on yeast growth. However, a new pro- 
cedure for the propagation of food-grade Se-rich 
yeast has been developed, based on the concept 
that, under conditions of sulfur deficiency, sulfur * 
could be replaced by selenium in yeast. The 
growth medium is fed incrementally so that the 
Se concentration never reaches toxic levels. Un- 
der these conditions the yeast assimilates Se as a 
reaction to sulfur deficiency. Nutritional yeasts 
with an intracellular Se concentration of 
vl 000 ppm are commercially available in the 
tjnited States as dietary supplements. 

Lipids. The lipid content of yeasts can vary 
between 4 and 7 % (dry basis). About 1 % can be 
extracted directly by solvents. The determination 
of total lipids requires acid hydrolysis prior to 
solvent extraction. Major constituents are fatty 
acid glycerides with a predominance of palmitic 
and oleic acids, sterol^ and lipolipids. 



Carbohydrates. Total carbohydrates account 
for about 30-35% of the yeast cell (dry basis). 
They consist mainly of carbohydrate storage 
compounds such as glycogen, the disaccharide 
trehalose, and the structural materials of the cell 
wall: the glucans and mannans. Level of fiber in 
whole baker's yeast cells is about 18% (dry 
weight basis). 



3.2. Use of Yeast as a Major Protein 
Source 

Candida utilis yeast was used as an important 
human diet supplement in Germany during 
World War II. Sulfite waste liquor, a byproduct 
of the paper pulp industry, and wood hy- 
drolysates were used as raw materials. The large- 
scale production of yeasts on hydrocarbon sub- 
strates was found to be infeasible for economic 
and safety reasons. 

For use as a major source of protein by hu- 
mans the presence of nucleic acid is a serious, 
obstacle; nucleic acid nitrogen accounts for 
about 10-15% of the total nitrogen of yeast 
cells. The intake of nucleic acid leads to elevated 
blood plasma levels of uric acid and may cause 
gout. Sources of nucleic acids in the diet are 
meat, particularly organ meat such as liver. Beer 
and possibly other fermented beverages also con- 
tain nucleic acids. 

Search for methods is underway to reduce the 
level of nucleic acids or to remove them com- 
pletely, since present methods are not economi- 
cal. There is no need, however, for the removal 
of nucleic acids from yeast biomass for use in 
feed. 

Yeast biomass in its inactive dried form is 
used widely as feed supplement. It is used in 
poultry rations and pig starter feeds. The use of 
brewer's and distiller's byproduct yeast in feed 
has been demonstrated. In countries that lack 
cheap sources of oil-seed meals (mainly soy bean 
meal), Candida utilis biomass is used extensively 
as a protein supplement. Live yeast cells in the 
form of active dried yeast or yeast culture are 
also used in the feed industry. 

Yeast culture is produced by combining slur- 
ries of baker's yeast with cereal feed grains. The 
mash is incubated to permit yeast multiplication * 
and fermentation. It is then dried at tempera- 
tures that preserve yeast viability. 
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